In an attempt to explain the discrepancy between the high number of patients said to be at risk of aspiration pneumonitis and the low reported incidence of this anaesthetic complication, 100 ASA physical status !-!1 elective surgical patients were studied. 
Occurrence of gastroesophageal reflux on induction of anaesthesia does not correlate with the volume of gastric contents
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In an attempt to explain the discrepancy between the high number of patients said to be at risk of aspiration pneumonitis and the low reported incidence of this anaesthetic complication, 100 ASA physical status !-!1 elective surgical patients were studied. The In 1974, Roberts and Shirley, in an article on the prevention of acid aspiration during Caesarean section, "arbitrarily defined the patient at risk as that patient with at least 25 ml of gastric juice of pH below 2.5 in the stomach at delivery. ''~ While it was clearly mentioned that this was a statement based on preliminary unpublished work in the rhesus monkey, this definition of risk rapidly gained widespread recognition and has only recently been disputed.2'3 According to this definition, 16 to 60 per cent of elective adult patients, 4'5 76 per cent or 6 7 more of paediatric patients, 75 per cent of obese patients and 27 to 73 per cent of pregnant or post-partum patients ~.5 are said to be at risk of aspiration pneumonitis during anaesthesia.
volume of fluid present in the stomach at the time of induction of anaesthesia was correlated with gastroesophageal reflux (GER) detected by visual inspection of the pharynx and by continuous measurement of upper oesophageal pH. Mean gastric volume was 30 +-28 ml (range 0-210 ml). Gastric fluid volume >-0.4 ml. kg-I at pH <-2.5 was present in 46 patients. No GER was detected during induction of anaesthesia in our
Estimating the incidence of aspiration pneumonitis between one to six per 10,000 surgical cases, s-~l the CANJ ANAESTH 1990/ 37:5 /pp502-8 above risk criteria lack the specificity to identify those patients effectively at risk of regurgitating and sustaining severe pulmonary injury. Identification of the patient population effectively at risk (or not at risk) appears warranted since conduct aimed at preventing gastroesophageal reflux (GER) and subsequent aspiration entails its own share of complications. For example, a "crash induction" with thiopentone and succinylcholine or an awake intubation is not usually considered the ideal 12 anaesthetic for a patient with limited coronary reserve.
This discrepancy between anticipated and observed morbidity arose when the proposed risk criteria were extended to predict the occurrence of aspiration pneumonitis, instead of confining them to the prediction of pulmonary damage following the actual passage of gastric fluid into the lungs. The current approach of estimating the risk of aspiration pneumonitis puts aside a multiplicity of factors that can play a critical role in the pathogenesis (or prevention) of this complication, especially the protective role of the lower oesophageal sphincter (LOS) in the prevention of reflux and subsequent aspiration. 3 In a recent experiment assessing the risk of regurgitation in the cat (this animal provides a good model of the human LOS), Plourde et al. determined that the residual gastric volume needed to produce regurgitation under general anaesthesia was at least 20 times greater than the estimated volume required to produce pulmonary damage by direct intratracheal injection. , 3 While extrapolation requires caution, it is reasonable to suggest that the same may apply to humans and that this could explain the low predictive value of current risk criteria for aspiration pneumonitis. We undertook this study to determine the relationship between the volume of gastric contents and the incidence of regurgitation during induction of anaesthesia in 100 patients scheduled for an elective surgical procedure. We also attempted to verify whether factors known to increase gastric residue or decrease barrier pressure (Table I) increased the incidence of regurgitation in these patients.
Methods
The overall plan was to monitor regurgitation during induction of anaesthesia and correlate its occurrence with known or proposed risk factors.
After giving informed consent, 100 patients were studied according to a protocol approved by the hospital ethics committee. Patients aged over 18, ASA physical status I or II, and scheduled for elective surgery and general anaesthesia with tracheal intubation were included. Patients taking medications known to affect gastric secretion or LOS tone, patients with a nasogastric tube in place, patients having a pathologically increased gastric residue (e.g., pyloric stenosis, intestinal occlusion), and those presenting for emergency surgery were excluded from the study. All eligible patients were interviewed by a research assistant on the evening prior to surgery and baseline data were recorded. These included demographic data (age, sex, weight and height), smoking and drinking habits, and symptoms of GER. Body habitus was determined using the body mass index, t4 Patients who smoked 20 cigarettes or more a day at the time of interview were considered smokers. Consumption of alcoholic beverages was recorded as none, moderate (drinking related to social events), or regular (daily consumption). No other attempt was made to quantify intake of alcohol. Heartburn and acid regurgitation were considered evidence of GER. Again, no attempt was made to quantify the frequency or severity of these symptoms. In accordance with local practice, patients were fasted from midnight.
At 06:00 on the morning of surgery, all patients received premedication with sublingual Iorazepam 2 mg-70 kg -I. Patients having surgery in the afternoon received a second dose of lorazepam at 12:00. Upon arrival in the waiting area of the operating room, patient anxiety was scored by the research assistant according to the following scale: 0 -no apprehension, may be asleep; 1 -slightly apprehensive but calm; 2 -worried, outspoken apprehensions; 3 -very anxious, agitated, crying.
On arrival in the operating room, routine monitors were attached to the patient. Diazepam 5 mg.70 kg -~ plus sufentanil 10 v,g'70 kg -I were administered IV to help the patient to tolerate insertion of the continuous pH monitor probe. While lying supine on the operating room table, after pharyngeal instillation of a few drops of lidocaine four per cent, the patient was instructed to swallow the pH monitor probe which was delicately inserted by the mouth. The probe (Microelectrodes lnc, ref. #30750), approximately 2 mm in diameter, was positioned in the upper third of the oesophagus and taped at a depth of 20 cm from the incisor teeth. Prior to use for each experiment, the pH monitor (Beckman model 3500, digital pH meter) was calibrated using standard controls, and the pH of the four per cent lidocaine solution was measured. The reference electrode was taped to the patient's shoulder.
The same anaesthetic technique was used tor all patients. After receiving a defasciculating dose of dtubocurarine (50 ~g. kg-I), the patient was allowed to breathe 100 per cent oxygen via a face mask for three minutes. Incremental sufentanil was then administered, for a total dose of 0.5 p,g.kg -I (including sedation). Anaesthesia was induced with thiopentone 4 mg.kg-t followed by succinylcholine 1.5 mg.kg -t and, 60 sec later, the trachea was intubated with a cuffed tracheal tube. Mask ventilation was avoided to prevent gastric insufflation. After ensuring proper positioning of the tracheal tube, the patient's lungs were ventilated with isoflurane 0.5 per cent in nitrous oxide 70 per cent and oxygen.
Two methods were used to detect regurgitation of gastric fluid. First, the investigator specifically searched for the presence of turbid fluid (suggestive of gastric fluid) in the pharynx at the time of tracheal intubation and at repeat examination five minutes later. A rigid laryngoscope using fibreoptic lighting and a Macintosh 3 blade (Heine Optotechnik) was used to ensure maximal visualisation. Second, pH of the upper third of the oesophagus was continuously measured and plotted on a Beckman strip chart recorder from the time of probe insertion to the beginning of surgery. A sudden decrease of oesophageal pH below four was considered evidence of regurgitation.
After the second laryngoscopy and before the beginning of surgery, stomach contents were aspirated through a large, vented, multi-orificed gastric tube (18 Fr Salem Sump tube, Argyle, St-Louis, MO). Our previous results show that the volume of aspirated gastric fluid, using this type of tube, is a good estimate of the total volume of gastric residue, and that dye dilution offers no advantage over aspiration, is The volume and pH of fluid retrieved from the stomach were measured.
Neuromuscular blocking drugs were administered as required and reversed before awake extubation. Pulmonary complications were to be investigated in any patient regurgitating on induction of anaesthesia, using serial blood gas analysis and chest x-rays.
Statistical analysis was performed by the Department of Mathematics and Statistics. Descriptive statistics were obtained for each variable studied. All results are expressed as mean • SD. Student's t tests, analysis of variance, and linear regression analysis were used where appropriate. A P < 0.05 was considered significant. Binomial distribution was used to compute the probabilities presented in Table IV .
Results
One hundred patients, aged 39 • 1 ! yr (range 21-64 yr), scheduled for elective orthopaedic (n = 4), gynaecological (n = 59), general (n = 27), or genitourinary surgery (n = 10) were studied.
Relationship between the volume of gastric contents and the incidence of regurgitation during induction of anaesthesia
There was no direct evidence of regurgitation at the time of tracheal intubation and at repeat laryngoscopy five minutes later. A statistically significant decrease in mean pH occurred after awake control measurement of oesophageal pH. Upper oesophageal pH was 5.66 • 0.71 prior to induction (control), 5.58 -0.71 on induction of anaesthesia, 5.54 ---0.75 at the time of intubation and 5.45 • 0.74 at the time of repeat laryngoscopy (P < 0.00001 by ANOVA for repeated measures). Upper oesophageal pH was less than four in four patients at one time during the study period. These patients had pre-induction values <5, and gastric pH was at least I. 1 pH units lower than the nadir of upper oesophageal pH. Detailed study of all continuous pH recordings revealed a slow decline of upper oesophageal pH in all tracings. Upper oesophageal pH never decreased below 2.7 in any patient.
Gastric fluid had a volume of 30 ---28 ml (range: 0-210 ml, Figure 1 ) and a pH of 1.9 • 1.13 (range: 0.5-6.7, Figure 2 ; no retrievable gastric fluid in five patients). Gastric fluid volume -0.4 ml .kg -~ and pH -< 2.5 was found in 46 patients. Gastric fluid pH was > 4 in seven patients. In four patients the gastric pH was at least 0.8 pH units lower than the nadir of upper oesophageal pH. In the other three patients gastric pH (6.7, 5.5 and 6.6) was higher than the lowest upper oesophageal pH (5.2, 5.1 and 5.6 respectively). Gastric fluid volumes in these three patients were small (9, 8 and 13 ml respectively).
Since there was no evidence that any patient had effectively regurgitated on induction of anaesthesia, follow-up study of possible pulmonary complications was not performed.
Effect of patient characteristics on GER
In the absence of GER during the study period, this relationship could not be directly examined. The relationship between patient characteristics and gastric fluid volume and pH are presented, given that the latter are considered primary determinants of the risk of GER and subsequent pulmonary complications. There was no statistically significant difference in gastric fluid volume or pH between males and females, smokers and non-smokers, and patients symptomatic or not symptomatic of GER (Table I1) .
One-way analysis of variance was used to compare gastric fluid volume and pH according to different levels of BMI, preoperative anxiety, or alcohol consumption. There was no statistically significant difference within each group (Table I11) .
Duration of preoperative fasting was 14.9 +--2.9 hr (range 10-23 hr). A statistically significant correlation between gastric fluid volume or pH, and patient age or duration of fasting could not be demonstrated by simple linear regression analysis (r 2 -< 5.5 in the four regressions studied).
Discussion
Aspiration pneumonitis is a potentially serious, but rare s-i t complication of anaesthesia. Identification of the patient at risk has been attempted using gastric fluid volume and pH criteria while neglecting the risk of GER, without which aspiration pneumonitis as a complication of anaesthesia is impossible. This is the first attempt to correlate the occurrence of GER with the volume of fluid present in the stomach. In elective general surgical patients, the risk of GER on induction of anaesthesia TABLE IV Probability of obtaining x cases of aspiration pneumonitis (in a sample of 100), given a known incidence of 3, 5 or 6 in 10,000 anaesthetics 4/10,000 5/10,000 6/10,000 appears to be negligible, despite gastric fluid volumes of more than 0.4 ml. kg -I . It can be seen from Table IV that the probability of obtaining one case of significant aspiration pneumonitis (in a sample of 100 patients) is low. Moreover, this probability, based on a genuine incidence of 4-6 cases per 10,000 anaesthetics, s-I~ integrates numerous variables, not all of which were present in our patient population. These include: the characteristics of the gastric residue (volume and pH), the fact that GER must occur and that sufficient gastric fluid must reach the lungs to cause parenchymal damage, and often a poor preoperative condition of the patient. Most gastric volumes ranged from 0 to 93 ml (one patient had a residue of 210 ml), and mean volume was comparable with those reported previously for inpatients (approximately 30 ml). 4'5'16 Higher 16 (69 ml), similar I7 (30 ml) or smaller ts (20.6 mi) mean gastric residues have been reported in unpremedicated outpatients. Thus, in accordance with our data, a large majority of elective surgical patients have gastric residues of less than 100 ml. It is of interest that retrieval of gastric fluid was performed after a standard (i.e., not a rapid sequence) induction of anaesthesia in all referenced studies and that no single case of GER or pulmonary complication was reported, despite subsequent inference that a large proportion of patients were "at risk."
Carmine red, an inert organic dye administered in the form of two 200 mg gelatin capsules with 20 to 30 ml of water, has been used to stain gastric secretions and facilitate the identification of regurgitated material. 19 .zo This method of detection was abandoned in the pilot phase of the present study because of the difficulty in swallowing the capsules and the unpredictable mixing with gastric contents when administered "on call." Careful inspection of the pharynx with the newer, brightly lighted, laryngoscopes was used instead and correlated with continuous pH monitoring. While GER of clear gastric fluid could have been missed, measurement of upper oesophageal pH refutes this possibility.
The existence of GER is established when variables of acid exposure (pH < 4) exceed two standard deviations above the mean values for similar variables measured in asymptomatic control subjects. The commonly measured variables include: per cent time oesophageal pH < 4, number of GER episodes per hr, number of episodes per hr with pH < 4 that lasted longer than five minutes, and the longest duration of a GER episode. However, while reliably discriminating between subjects with and without GER, ambulatory 24-hr pH monitoring does not specifically determine if the patient's symptoms are due to GER, unless it is complemented by the recently described Symptom index, zl This definition of GER is not very useful to anaesthetists who are more concerned with the detection of GER which is capable of causing short-term pulmonary damage, rather than long-term reflux oesophagitis. A critical minimal level of acidity of pH less than 2.5 is usually considered necessary to cause lung damage in most animal species 22-25 and may be more appropriate for detecting GER of significance to the anaesthetist. Thus, despite an upper oesophageal pH of less than four in four patients, GER was ruled out by: the absence of an abrupt decrease of pH on continuous recordings, the oesophageal to gastric pH difference which kept detection of significant acidity possible, and an upper oesophageai pH -> 2.7.
A small but statistically significant decrease in upper oesophageal pH occurred after induction of anaesthesia from a value of 5.66 to a value of 5.45. Results of a similar study by Illing are in agreement with our observations. 26 While such a small decrease of upper oesophageal pH is not indicative of GER, the cause of the phenomenon is unknown.
Aspiration of gastric contents containing small food particles at a pH of 5.9 has also been associated with hypoxia, hypercapnia, acidosis and pneumonitis in dogs. 27 In the clinical setting, regurgitation of such material is most likely to occur when the stomach is full after meals, which is also the time when gastric pH is at its highest. 25 Based on pH recordings, detection of GER in three patients was theoretically impossible since gastric pH was higher than oesophageal pH. However, these patients had very small gastric residues and contamination of fluid during aspiration of stomach contents by saliva (pH 6.0-7.0) or by lidocaine (measured pH 6.7) may explain this unusual finding. Passage of the electrode into the stomach to measure pH directly was not performed to avoid disturbing normal lower oesophageal sphincter function and acid contamination of the oesophagus shortly before the study period.
Different patient populations are classically considered at risk of aspiration pneumonitis, based on body habitus or other characteristics. The present study attempted to correlate patient characteristics with the volume of gastric fluid present on induction of anaesthesia and the occurrence of GER. Obesity (previously defined as 50 kg over ideal body weight) is associated with moderately increased gastric residues, of the order of 40 ml. 7 These volumes do not appear to place the obese patient at increased risk of GER, if a smooth induction of anaesthesia is ensured. Mask ventilation was avoided and difficulty with intubation was not encountered in this study. The influence of preoperative anxiety on gastric emptying is controversial. 3 High levels of anxiety measured with a simple clinical scale, as opposed to formal psychological questioning, were not correlated with above normal gastric residues. Cigarette smoking is a common reversible cause of GER. 28-3~ The LOS pressure decreases shortly after smoking begins and returns towards normal minutes after stopping. 28 Normal gastric residues and the unavoidable period of abstinence before surgery help to explain why GER was not increased in smokers. Similarly, acute ethanol ingestion induces oesophageal dysfunction and GER. 3~'32 While this may be important in intoxicated patients, the drinking history (often of doubtful validity) was not associated with GER in fasted patients.
The accurate evaluation of many proposed risk characteristics is often difficult and usually well beyond the scope of the typical preoperative visit. Besides, our results and those of a similar study question the relevance of these traditional risk factors in anaesthesia practice. 26 This study was limited to the induction of anaesthesia for two reasons. First, once the trachea is intubated, the risk of aspiration greatly decreases. The liquid contents of the stomach may be emptied with a multi-orificed, vented tube and the patient may be extubated awake if aspiration is a concern for any other reason. Second, possible injury to the oesophagus in the presence of electrocautery was a serious concern. The protection afforded in the operating room, compared with the ward, by the patient isolation module of the pH meter could not be determined with sufficient certainty in our view.
In conclusion, the risk of GER during induction of anaesthesia in elective surgical patients is very low and is independent of patient characteristics. This provides a plausible explanation to the discrepancy between the high percentage of patients usually considered at risk of aspiration pneumonitis and the actual occurrence of this complication.
